Accurate haemodynamic assessment of mitral stenosis by hydraulic formulas requires measurement of the mean valve gradient and the cardiac output. The calculation is laborious, particularly in the presence of atrial fibrillation when averaged values obtained from multiple beat-to-beat determinations must be used. The relations between valve area, end diastolic gradient, and heart rate in 20 patients with mitral stenosis and atrial fibrillation were examined. In each patient the end diastolic pressure gradient for each cardiac cycle was related linearly to the RR interval of that cycle, and this relation was unchanged on exercise. The slope (S) and intercept (I) of this relation correlated with the degree of mitral stenosis as measured by the Gorlin valve area. The regression equations describing these relations were then used to construct a nomogram relating end diastolic pressure gradient to mitral valve area at different heart rates. When the nomogram was applied to catheterisation data from a further 30 patients the results correlated well with direct calculation of valve area by the Gorlin formula. The nomogram is simple to use, does not require measurement of cardiac output, and is independent of heart rate so that it is unnecessary for the patient to exercise during catheterisation.
Haemodynamic assessment of the severity of mitral stenosis from cardiac catheterisation data is time consuming, particularly for patients in atrial fibrillation. The most accurate methods use a hydraulic formula such as that of Gorlin and Gorlin,' which requires measurement of the cardiac output and the mean mitral valve gradient over 10 consecutive cardiac cycles (by planimetry or from digitised signals). In practice many cardiologists rely on the end diastolic gradient across the mitral valve."' Although it is recognised that this is highly dependent upon heart rate,' there are no published tables relating end diastolic gradient, heart rate, and the severity of stenosis. We therefore examined the relation between these variables in order to devise a method of estimating the severity of mitral stenosis and the mitral valve area from the simple measure of end diastolic gradient. A simple nomogram was constructed and the reliability of this approach was assessed in another group of patients.
Patients and methods

PATIENTS
Cardiac catheterisation data from an initial group of 20 patients were analysed in detail. All 20 were judged to have rheumatic valve disease on the basis of a past history of rheumatic fever and typical M mode echocardiographic features and all were in established atrial fibrillation.
To validate the nomogram constructed on the basis of the first 20 patients, we analysed cardiac catheterisation data in a further 30 patients. All had moderate or severe mitral stenosis; 25 were in established atrial fibrillation and five remained in sinus rhythm at the time of the investigation. equilibrated and the end diastolic gradient was zero (fig 2) . At RR intervals shorter than this critical RR interval the relation was approximately linear, and for each patient linear regression analysis was used to obtain the best fitting equation over this range. Goodness of fit judged by the Pearson correlation coefficient r over this range of RR was > 0-8 in each individual patient. Supine exercise performed in 10 patients so as to increase mean heart rate by > 20% over the resting state did not seem to influence the relation of end diastolic gradient to RR interval ( fig 3) . However, there was considerable scatter in the data points so that a given RR interval was associated with a range of end diastolic gradients. It is therefore possible that changes in the relation occur on exercise but are obscured by this variation. 
MEASUREMENTS
area at a range of different heart rates. Chosen values of Gorlin valve area (2-0, 1-5, 1-0, and 0-5 cm2)
Discussion
The dependence of the end diastolic mitral valve gradient on heart rate (and on RR interval) has long been appreciated.' It may be particularly difficult to interpret the end diastolic gradient at extremes ofheart rate" and in patients in atrial fibrillation. Whereas corrections have been described for the effect of heart rate on the peak to peak aortic valve gradient,'2 none has been formulated for the mitral valve gradient. Accordingly, supine exercise during cardiac catheterisation has for many years been advocated as a means of identifying patients with important mitral stenosis who at rest have a normal or slow heart rate with only small to moderate transmitral gradients.69 However, exercise during cardiac catheterisation is often hindered by patient discomfort, poor motivation, and the need to maintain sterility.9 Increased ventilation by the patient may cause wide swings in intrathoracic pressure, confusing the interpretation of the pressure tracings.9 In those patients unable to increase their heart rate sufficiently by exercise during catheterisation it has been suggested that atropine or dobutamine should be used. " 4 The converse problem may arise in patients who are anxious or unwell at the time of catheterisation in whom it is not always possible or desirable to slow a fast heart rate. The effects of extreme heart rates on the assessment may unduly influence the choice between medical treatment and valve replacement or balloon dilatation if the severity of mitral stenosis is borderline.
The problem of differing heart rates in the The high level of agreement between nomogram estimates and direct Gorlin formula estimates of mitral valve area is perhaps surprising because cardiac output is required for calculation of the Gorlin valve but is not for the nomogram. Estimation of cardiac output is often inaccurate and this might be expected to produce discrepancies between the two methods. However, when the two methods were compared, the estimates of mitral valve area were divided into only five categories (corresponding to clinically very severe, severe, moderate, mild, and trivial mitral stenosis) (table) . Thus even a 20-30% error in the estimation of cardiac output might not change the category of valve area into which the Gorlin formula estimate falls. Obviously in a simple analysis end diastolic gradient must depend upon cardiac output and flow rate across the valve as well as upon heart rate and mitral valve area. Furthermore, mitral valve area is, to a certain extent, influenced by flow rate. The apparent independence of the nomogram from the cardiac output may simply reflect a narrow range of cardiac outputs in the subjects in the study, or a systematic relation between valve area and resting cardiac output, or both.
There are several other sources of inaccuracy in the data from which the nomogram was derived that might reduce the accuracy of the nomogram. These are the use of fluid filled rather than transducer tipped catheters, the use of pulmonary capillary wedge pressure to reflect left atrial pressure, and the use of the indirect Fick method to measure cardiac output.
Another possible cause of error is mitral 398 group.bmj.com on June 20, 2017 -Published by http://heart.bmj.com/ Downloaded from regurgitation, which leads to greater mean diastolic transmitral flow than would be calculated from the net forward cardiac output. This will lead to underestimation of mitral valve area by the Gorlin formula, on which this nomogram is based.2 None of the subjects in the present study had mitral regurgitation in excess of angiographic grade 2: it is unlikely that the nomogram will be applicable in cases with severe mitral regurgitation. Subject to this restriction, the nomogram may be used in any patient in whom a significant end diastolic gradient has been recorded and can be related to the RR interval.
CONCLUSION
In mitral stenosis complicated by atrial fibrillation, the linear relation between RR interval and mitral valve gradient at end diastole permits the calculation of simple variables that correlate with mitral valve area calculated by the Gorlin formula. They can thus be used to assess the severity of mitral stenosis, and this is done most conveniently in the form of a nomogram. The nomogram correlates closely with the Gorlin hydraulic formula but is simpler to use and does not require cardiac output measurement. Furthermore, it is independent of heart rate and it is therefore unnecessary for the patient to exercise during cardiac catheterisation. 
